Alternatively, the δD increase and δ 37 Cl de-crease can be explained by the addition of deuterium-rich and lighter Cl isotopic material to the Moon dur-ing LA. Addition of ordinary chondrites (OC) could lead to an increase and decrease in δD (Fig. 1C ) and δ 37 Cl (Fig.  2C) , respectively, from pre-LA to post-LA values, with the large variability during LA reflecting variable mixing between the indigenous and added reservoirs.
Combined, Figs. 1 and 2 thus provide isotopic evidence for the addition of OC material to the Moon during late accretion. The fact that this OC component is measurable in volcanic samples implies LA im-pactors were capable of breaching the primitive lunar crust and mixing (albeit certainly not perfectly) with the lunar mantle source of the volcanics, consistent with the Barnes et al. model [4] .
The [17] . The apatite-melt volatile exchange coefficient Kd for OH-Cl is constant at 0.06±0.02 [17] . This exchange coefficient can be used to estimate quantitatively the water content of the mantle source if Cl contents in apatite and the corresponding parent melt are known [17] . We derived the Cl content of parent melt by combining measured lunar whole-rock Nd and Ba contents with the constant Cl/Nd and Cl/Ba ratios observed in primitive lunar magmatic samples [18] . Parent melts were estimated to have formed by partially melting a mantle source to a melt fraction of 15 per cent. As a result, the abundances of water in their mantle source are estimated to be ~1 ppm for pre-LA and ~33 ppm for post-LA by the Nd-based calculations. This suggests an increase from pre-LA source rock water contents of ~1 ppm to post-LA source rock water contents of ~33 ppm based on Cl/Nd. Cl/Ba-based calculations indicate ~3 ppm water in the lunar interior pre-LA versus ~45 ppm water post-LA, consistent with the Nd-based estimates.
Experiments simulating the solidification of the lunar magma ocean in the presence of water suggest the Moon contained at least 270 ppm water during the crystallization of its magma ocean [19] , i.e. before any of the apatites considered in our compilation formed. Our compilation suggests that by the time the oldest apatites shown in Figures 1 and 2 formed, the lunar interior only contained ~1-3 ppm water, pointing to significant degassing of the Moon in the period before the formation of the apatites in the current database. The increase in water content from ~1-3 ppm pre-LA to 33-45 ppm post-LA again suggests that significant amounts of volatiles were added to the Moon during LA.
Conclusions: Our analysis indicates that the lunar interior volatile cycle is not characterized solely by progressive volatile loss from an initially volatile-rich body. Our analysis suggests that the initially substantial water content of the Moon decreased significantly between the time of its formation and the start of late accretion, after which increases in D/H ratio and lowering of Cl isotopic composition occurred, accompanied by an increase in water content. This suggests that the Moon's (and by extension the Earth's) initial volatiles were replenished ~0.5 Ga after their formation, with final budgets reflecting a mixture of sources and delivery times. These findings are consistent with dynamic models that predict influxes of chemically and isotopically distinct asteroid populations at different times during the first ~700 million years of solar system evolution [20] [21] [22] [23] .
